


HPLC continued
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Figure 1 Schemalic diagram fifusirating the contribution of two
chiomalographic components with sfightly different retention
times {e.g., "NHs* and "*NH.*) to the folal response of the un-
resolved poak.

2}, is assembled from components that provide stable
and precise flow conditions for both mobile-phase
buffer and reagent over a period of approximately 21 hr
of continuous operation. A model 260D syringe pump
(ISCO, Lincoln, NE) (capacity 266 mL), operated un-
der constant pressure (2600 psi), delivers mobile-phase
buffer (a boric acid buffer adjusted to l|:|H 9.41) at a flow
rate of approximately 0.17 mL/min~". Sample filtrates
are injected with a model 728 autosampler (Alcott, Nor-
cross, GA) equipped with a model EC6W fast electroni-
cally activated injection valve (Valco, Houston, TX)
with a 50-pL sample loop. The HPL.C column is a
strong cation-exchange resin {(5-pum beads of the
sodium form of sulfonic acid cation exchanger with
12% cross-linked polystyrene/divinylbenzene poly-
meric matnx, St John Associates, Beltsville, MD) con-
tained in 2 30 cm % 4 mm i.d. stainless steel column.
The column is maintained at 85 °C with a standard
CROCO-CIL HPLC column heater (Anspec, Ann Ar-
bor, MI). The post-column OPA reagent is delivered at
0.1 mL/min" through a T-fitting to the column outflow
with a model 760 HPLC pump (Alcott) equipped with a
microbore head, A slow flow of helium is maintained
above the reagent solution to prevent gas bubbles from
affecting RTS. The post-column mixture is passed se-
quentially through a heated (40 °C) 1-m PTFE micro-
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Figure 2 Schematic dxagmm of HPLC apparaius used ro mea-
sure both concentration and isolope ratios for ammonium dis-
solvod in water that was enriched with *NH¢* (or "*N-labeled
amine acids) for isotope addition experiments,

bore reaction coil, 2 model 121 fluorometric detector
(Gilson, Middieton, WI), and a model U446 100-psi
back-pressure regulator (Upchurch Scientific, Oak Har-
bor, WA). Chromatographic data are collected on a PC
equipped with an Array Basic Grams/386 data system
(Galactic Industries Corp., Salem, NH). After each
chromatographic run, the median-area (centroid) reten-
tion time for each peak is calculated with a post-peak-
collection analysis program (COL_RT.ABP, Galactic).3
The autosampler is programmed for sequential injec-
tion of internal standards and samples. The internal am-
monium standard (IAS), prepared in mobile-phase
buffer, is injected 7.0 min before each sample or cali-
bration-curve standard so that RTS can be calculated by
subtracting the retention time of the IAS from that of

- the sample after compensating for the difference in in-

jection times. Sufficieat ime (typically 34 min) is pro-
grammed after sample injection to allow the sample
ammonium peak to elute before the next {AS is in-
jected. Before an analytical run, odd-numbered injec-
tion vials are loaded with TIAS, and even-numbered
vials are loaded with sampie filtrates or calibration-
curve standards (prepared in water with a salinity ma-
trix matching that of the samples). Each sample filtrate
or calibration-curve standard is analyzed sequentially
three times so that RTS results can be averaged for im-
proved precision and evaluated for quality assurance.

Calibration standards containing three different atom
percent enrichments of SNH* (Figure 3) are typically
run with each group of samples so that a separate iso-
tope ratio calibration can be done for each analytical
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run. Ammoenium concentrations are calcufated by com-
paring sample ammonium peak arcas to [AS peak areas
after slight corrections are made for matrix effects {c.g.,
salinity) based on the calibration-curve standards. Peak
areas rather than peak heights are used to calculate am-
monium concentrations for samples because the exact
peak heights vary with isotope ratios (Figure 3).

Selected application

Zebra mussels (Dreissena polymorpha), recent in-
vaders of the Great Lakes, affect lower-food -web/nutri-
ent dynamics in shallow regions by filtering phyto-
plankton, protozea, and other particles from the water
and excreting nutrients.® Determining the effects of ze-
bra mussel on the mechanisms and rates of nutrient cy-
cling in coastal regions such as Saginaw Bay is impor-
tant because nutnent-supply rates and ratios (e.g., N:P
or NH4*:NO37) can be important factors affecting the
abundance and compeosition of phytoplankion and other
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Figure 3 Chromafograms showing typical peaks and ATS
used to establish a calibration curve for determination of
SNH*“NH ratios. Intemal standands = peaks from an inter-
nal standard of 4 pM natural-abundance NH;* prepared in mo-
bilephase buffer. A, B, and C; D, E, and F: and G, H, and [ =
pesaks from lake watar containing 8 (M of added mixiures of
NH¢ containing 0.37, 48.9, and 87,8 atom percent enrich-
maents of NH.*, raspectively. RTS = retention tima shift (min),
SE = standard error of the maan, The observed ralationship
betwsen maan ATS and isotope ratios for this experiment is
ATS = 0.1027 + 0.3644 {atom pamant "*NH*/100); cormelation
coefficlent = 0.9998 (N = 3). The chromatographic data shown
above were taken from the analytical run tha! quantified the
isotope ratios for tha dark with zebra mussel treatment shown
in Figura 4,
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food web organisms in lakes and coastal ecosystems.’
Application of the method to this problem is demon-
strated by observing changes in ammonium concentra-
tions and isotope ratios in Saginaw Bay, Lake Huron,
water after additions of 4 pM PNH.* under natural-light
and dark conditions and in the absence and presence (15
individuals per 4 L water) of zebra mussels (Figure 4).
The experiment was conducted in July 1994 on a water
sample from a eutrophic region of the bay where the
water temperature was 22 °C, and the blue-green alga,
Microcystis aeruginoso, was dominant and abundant.
Isotope ratios decreased dramatically in all treat-
ments, indicating that substantial ammoniitm remineral-
ization was occurring in all teatment bottles. Note that,
in isotope-dilution experiments, both forms of ammo-
nivm are assumed to be taken up by organisms (phyto-
plankion and/or bacteria) in direct proportion to their
relative abundances, whereas regenerated ammonium is
assumed to be produced from natural organic material
that contains patural-abundance nitrogen (i.e., 99.63%
14N).2 Ammonium-concentration patterns varied among
the different weatments. Net ammonium concentrations
decreased in the light bottle without zebra musseis,
likely due to uptake of ammonium by Microcystis and
other phytoplankton, and increased in the dark treat-
ment with zebra mussels, probably as a resubt of de-
creased phytopiankton uptake in the dark and zebra
mussel excretion (Figure 4). Net changes in the other
two treatments were less pronounced because uptake
and regeneration rates were more nearly balanced. The
observation that the atom percent enrichment of PNHq¢*
decreased at a faster fate in the light reatment with ze-
bra mussels than in the dark ope without zebra mussels,
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Flgure 4 Time-course pattemns for ammonium concentrations
and ksotops ralios for kight and dark Saginaw Bay isolope-dilu-
hon expenments that were conducted in tha absence and pres-
snca of zebra mussels (15 Individuals per 4 L. watar) in July
1994 whan high lavels of the bluegroen alga, Microcystis
asruginosa, wore present.
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